ABSTRACT
INTRODUCTION
The use of high molecular weight DNA insert libraries (YAC or BAC) is a central part of gene isolation by positional cloning, genome analysis or physical mapping (6, 9) . After the clones containing the regions of interest have been isolated, a contig is assembled by fingerprinting. Once the contig is generated, the second step is to isolate the ends of the inserts from each clone to confirm the contig and find suitable probes to extend it if necessary. Thus, the isolation of insert ends is an important part of strategies that use high molecular weight DNA libraries.
Four main techniques are used to carry out the isolation of BAC ends: (i) direct sequencing of the ends of the BAC insert (3, 8) -these methods provide a fast way of obtaining sequence but require a reasonable amount of DNA at a concentration suitable for sequencing; (ii) PCR to amplify the ends (8) -these methods need only a few nanograms of DNA but are limited by the quality of the PCR and the number of fragments actually generated; (iii) end rescue (8) , which can isolate the ends from a few nanograms of DNA but is limited to the isolation of the end next to the chloramphenicol resistance gene or the isolation of both ends joined together, without knowing the site of union. In this technique, the ends are cloned into a single-copy vector, resulting in low DNA yields. The fourth method (iv) is the directional cloning of the ends (1), which produces ends in a multiple-copy vector but depends on complex digestions and screening to find the right clones.
For these reasons, a new technique has been developed to clone and subsequently sequence both BAC ends simultaneously from a single clone. This technique based on plasmid rescue is designed to overcome the problems encountered with end rescue and allows the generation of longer sequences than direct sequencing of the BAC ends. This can also be achieved with no need to design internal primers.
The principle here is to digest the BAC DNA with enzymes that cut between the two ends of the insert but do not cut the BAC vector itself (Figure 1) . A selectable linker DNA containing a high copy number bacterial origin of replication (ori) is then inserted between the two BAC ends. We describe here the isolation of insert ends from randomly picked maize BAC clones with an average insert size of 150 kb in the vector, pBeloBAC11 (5) . This technique proved to be a quick, easy and low-cost way to clone BAC ends in a form that can easily be purified and sequenced.
MATERIALS AND METHODS pTRAPends Construction
The selectable linker DNA (pTRAPends) containing a high copy number bacterial ori was constructed from pUC18 (10) . The vector was digested using the enzymes Aat II and Bsp lu11I to delete all the sequences located around the multiple cloning sites (MCS). When these sequences were removed, the deleted vector (1811 bp) was self-ligated with the two complementary oligonucleotides, 5 ′ -OHGCTAGCTCTAGA-CCTAGG-3 ′and 5 ′ -OHCTAGCCTA-GGTCTAGAGCTAGCACGT-3 ′ . This created a new polylinker containing an Xba I site between Avr II and Nhe I sites and generated the vector pTRAPends ( Figure 1 ). The three sites in this MCS have compatible cohesive ends.
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Ends Cloning
BAC DNA extractions were carried out by the alkaline lysis miniprep method from 5-mL cultures for BAC clones and 1.5-mL cultures for plasmids. The DNA were resuspended in 40 µ L (BAC) or 50 µ L (plasmid) 10 mM Tris, pH 8.0, and 0.5 mM EDTA.
Approximately 200 ng (25 µ L) BAC DNA were digested for 3 h at 37°C with 5 U Avr II and 5 U Nhe I (New England Biolabs, Beverly, MA, USA) in a final volume of 50 µ L (1 × NEbuffer 2) containing 100 µ g/mL BSA. The digested DNA was extracted with phenol and chloroform and 25 µ L (50 ng) of the extracted digestion separated on a 0.9% agarose gel.
The pTRAPends vector was digested with an excess of Xba I for 3 h at 37°C and gel-purified after migration on a 1.2% agarose gel.
To clone the BAC ends, 20 ng digested BAC DNA were ligated in T4 DNA ligase buffer (Roche Molecular Biochemicals, Indianapolis, IN, USA) for 3 h at room temperature with 10 ng pTRAPends in a final volume of 10 µ L, with 1 Weiss unit of T4 DNA ligase.
Preparation of Electrocompetent Bacteria and Transformation
DH10B ™ bacteria (Life Technologies, Rockville, MD, USA) were used to prepare electrocompetent cells (12).
To transform the bacteria, ligation mixtures were drop dialyzed on an MF 0.025 membrane (Millipore, Bedford, MA, USA) against 10 mM Tris, pH 8.0, and 0.5 mM EDTA for 1 h. Between 1 and 5 µ L dialyzed ligation mixture were added to 27 µ L bacteria and electroporated in a 1-mm cuvette at 1.5 kV, 25 µ F and 200 Ωusing a gene pulser electroporator (Bio-Rad Laboratories, Hercules, CA, USA).
To select the clones containing the BAC ends, the transformation mixtures were spread onto LB agar plates containing 100 µ g/mL ampicillin and 12.5 µ g/mL chloramphenicol and incubated at 37°C for 20 h.
Sequencing of the Ends
Sequencing reactions were carried out using the BigDye ™automatic fluorescent sequencing kit (PE Biosystems, Foster City, CA, USA). Sequencing reactions were carried out in a final volume of 10 µ L with 500 ng DNA, 4 µ L BigDye mixture and 1.6 pmol primer. The sequencing reactions were carried out using 25 cycles: 96°C for 30 s, 50°C for 15 s and 60°C for 3 min on a model 9600 GeneAmp ® PCR system (PE Biosystems). The sequence reactions were analyzed using an ABI PRISM™377 DNA sequencer according to the manufacturer's recommendations (PE Biosystems).
RESULTS

To validate this new technique, 10
BAC clones with an average insert size of 150 kb were randomly picked from a maize BAC library (constructed in pBeloBAC11) (7). The restriction endonuclease enzymes Avr II and Nhe I were chosen to digest the mini-prepped BAC DNA. These two enzymes were chosen because they both generate compatible cohesive ends with themselves and with the enzyme Xba I and because these enzyme sites are present in the vector pTRAPends and absent in pBeloBAC11. A vector carrying both ampicillin and chloramphenicol resistance is only created when the BAC ends, and therefore pBeloBAC11, are cloned. The other Avr II and Nhe I fragments will also be cloned but are selected against because they do not carry chloramphenicol resistance. Moreover, as the vector pTRAPends has an MCS containing an Xba I site between the Avr II and Nhe I sites, one BAC end can be excised with a Not I/ Avr II digestion and the other by a Not I/ Nhe I digestion.
Twelve clones that resulted from the ligation of each cut BAC DNA with the vector pTRAPends were analyzed. The DNA was first digested with Not I to verify the presence of pBeloBAC11. Clones consisting of pBeloBAC11 and a second fragment (representing the BAC ends plus the plasmid pTRAPends) were analyzed to determine the size of the inserts. For this process, four digestions were carried out ( Figure 2 ): (i) digestion with Avr II/ Nhe I to verify if the ends result from a total digestion and to verify the presence of pTRAPends; (ii) digestion with Not I/ Avr II to estimate the size of the Avr II fragment; (iii) digestion with Not I/ Nhe I to estimate the size of the Nhe I fragment; and (iv) a digestion with Not I/ Avr II/ Nhe I to visualize the four fragments, pBeloBAC11 (7.5 kb), pTRAPends (1.8 kb), the Avr II fragment and the Nhe I fragment.
The ends of all 10 BAC clones were successfully isolated and their sizes estimated on an agarose gel. The average sizes were 1.87 kb, and a statistical analysis (4) predicted that 99.9% ( P= 0.001) of the ends should have a size between 2.6 and 0.8 kb. The average size found is close to the theoretical size expected for a double digestion using restriction enzymes having a 6-bp recognition site (4 6 /2 = 2048 bp). The difference between the theory and the observed size can be explained by the fact that the ends are the result of a dou - ble digestion with Nhe I and Avr II and a partial digestion using Hin dIII. Each clone could be sequenced from four different sites (Figure 1) . The Nhe I and the Avr II side of pTRAPends used the primers pTN (5 ′ -CTCATGAGCG-GATACATATTTGA-3 ′ ) and pTA (5 ′ -CTATGGAAAAACGCCAGCAAC-3 ′ ). In addition, the universal reverse primer for the chloramphenicol side of pBeloBAC11 and the M13 primer for the other side of pBeloBAC11 can also be used to generate sequences. Three clones were sequenced, generating the entire sequence for four ends and giving the first 600 bases in either direction from the other two ends.
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DISCUSSION
We have shown that the isolation and sequencing of the ends of BAC clones can be carried out in a routine manner. Indeed, a common way to use BAC clones in the laboratory is to prepare DNA when the clones are generated to verify the insert size. The technique described earlier allows the use of part of the remaining DNA to quickly (one day) generate clones carrying both BAC ends. Once these clones are generated, they can be stocked or analyzed the following day. Thus, a clone containing both ends of each BAC clone can be isolated within two days, giving this technique the speed required for routine use. The technique also results in the generation of BAC ends of a suitable size for sequencing (statistical analysis). Moreover, the characteristics of these clones are such that the plasmid is present as a high copy number plasmid, and both ends can be sequenced in either direction with standard primers to generate four sequences. These four sequences can generate twice the amount of sequence information if they do not overlap or may generate the entire end sequences if they do. This could be important to better avoid repetitive sequences in making PCR-based probes.
In summary, this technique makes it possible to clone BAC extremities in a short time using small amounts of DNA. The clones generated contain the ends in a high copy number vector facilitating DNA isolation. Finally, the structure of the plasmids make it possible to obtain either the entire sequence of the ends or to double the sequence generated (from ends that are too big to be sequenced in only one run) without designing new primers.
Compared to other techniques that allow large-scale direct sequence analysis (2) or the isolation of separated ends (7), this new technique provides a fast and reliable method to isolate the ends of BAC clones. Moreover, this method enables the use of already made DNA and premade primer, which implies a lower cost to clone the ends and generate an amount of sequence double that of other techniques.
